The literature generally points to a negative relationship between female education and fertility. Citing this pattern, policymakers have advocated educating girls and young women as a means to reduce population growth and foster sustained economic and social welfare in developing countries. This paper tests whether the relationship between fertility and education is indeed causal by investigating the introduction of universal primary education in Nigeria. Exploiting differences in program exposure by region and age, the paper presents reduced form and instrumental variables estimates of the impact of female education on fertility. The analysis suggests that increasing female education by one year reduces early fertility by 0.26 births.
Introduction
Over the past two decades, many developing countries have adopted policies designed to reduce rapid population growth. Among policy alternatives, educating girls and young women is considered a highly effective means of lowering fertility and accomplishing this goal (United Nations, 1995) . Moreover, there is a growing consensus that investments in the education of young girls and women yield additional private and social returns, including improved child health and nutrition outcomes (Schultz, 2002; Thomas et al., 1991) . Several empirical studies point to a robust, negative association between female education and fertility (Schultz, 1998) . In fact, the negative relationship between female education and fertility has been described as "one of the most clear-cut correlations" in the social science literature (Cochrane, 1979) .
Economic theory provides several explanations for why female education influences fertility. First, female schooling may increase the opportunity cost of childbearing and rearing among educated women (Becker, 1981; Schultz, 1981) . Second, education may lower fertility through improvements in child health and reduced rates of child mortality as women need to have fewer births to yield the same desired family size (Lam and Duryea, 1999; Schultz, 1994a,b) . Finally, female schooling may affect fertility through knowledge and more effective use of contraceptive methods Schultz, 1985, 1989) or by increasing female autonomy and bargaining power in fertility decisions (Mason, 1986) . However, a survey of the existing literature suggests a need for caution in interpreting the observed relationship between female education and fertility as causal (Bledsoe et al., 1999) . A negative association may arise due to omitted variables, such as individual ability or household and community resources, which affect both schooling and fertility decisions. In addition, schooling opportunities often are not randomly placed in communities (Duflo, 2001; Pitt et al., 1993) . Furthermore, if fertility choices lead to interruptions in schooling, then fertility may be an endogenous variable within the context of schooling decisions (Angrist and Evans, 1999) .
The ideal method to examine the issue of causality is to use an exogenous source of variation in schooling that is not related to fertility outcomes. This paper does so by focusing on the Universal Primary Education (UPE) program in Nigeria. Introduced in September 1976, the UPE was a large-scale, nationwide program designed to increase educational attainment. Funded by the federal government, it provided tuition-free primary education and increased the number of primary school classrooms and teacher-training institutions throughout the country, thereby marking a significant change in the educational opportunities available to young Nigerian children. During the UPE program, the number of primary school children in Nigeria increased from 4.4 million students in 1974 to 13.8 million by 1981 (Federal Office of Statistics, Annual Abstract of Statistics, various years).
1 In September 1981, the UPE program ended when the federal government handed over the financing of primary schools to states and regional governments. With reduced funding for primary schools, the reintroduction of school fees, and declining oil revenues in the 1980s, the gross primary enrollment rate stagnated or fell in many states after this date (Francis, 1998; World Bank, 2002) .
In a seminal paper, Duflo (2001) examines the effect of a large-scale school construction program in Indonesia on educational attainment and wages by exploiting regional differences in program intensity and exposure across birth cohorts induced by the timing of the program. Following this strategy, using the UPE program in Nigeria as an exogenous change in primary schooling investments, this paper examines whether increases in female schooling cause reductions in fertility. First, the paper examines how the UPE program affected female educational attainment by exploiting regional and age differences in the extent to which the policy affected investments in schooling. Second, the paper links these changes in education to fertility outcomes thereby testing whether exogenous changes in education affect births in a causal manner. We employ instrumental variable methods to estimate the causal relationship between schooling and fertility. This paper joins a growing number of studies that identify the impact of education policies and programs in developing countries.
2 In addition, the paper addresses the question of whether investments in education, specifically in primary education, impact fertility as there is little consensus about what level of education should be expanded to affect fertility outcomes.
Our results suggest that changes in schooling costs and the expansion of primary classrooms associated with the Nigerian UPE had a substantial impact on female education and fertility before the age of 25. We provide evidence that female education has a strong, negative association with early fertility even after accounting for the possible endogeneity of the schooling decision. The paper also considers the rapid advances in female schooling and demographic outcomes such as the state-level expansion in civil service employment during this period.
3 However, the results remain robust even with these additional controls.
This paper is organized as follows: Section 2 provides background on the Nigerian UPE program and a descriptive analysis of changes in educational outcomes after the introduction of the policy. Section 3 presents data sources and the empirical framework. Section 4 examines the impact of UPE on educational outcomes and fertility, and Section 5 presents conclusions.
Educational policy in Nigeria and the UPE

Background on Nigeria and education before UPE
Nigeria is an intriguing environment in which to study the impact of female education on fertility. Some of the earliest research on the economic determinants of 2 For example, Case and Deaton (1999) use data from South Africa to study the impact of increased resources on schooling outcomes. Breierova and Duflo (2004) rely on an individual's date of birth and region of schooling to identify the impact of male and female schooling on child mortality and fertility. Angrist et al. (2002) study the impact of school vouchers in Columbia.
3 Unlike other related work, however, changes in contraceptive use and legal statues, such as the legalization of abortion and antidiscrimination laws, are less likely to be relevant in our environment. 1 The gross primary enrollment rate in Nigeria increased from 50.3 in 1975 to 120.7 in 1981 . In comparison, in the five years before the UPE program commenced , gross enrollment rates increased only by 17% from 43.7 in 1970 43.7 in to 50.3 in 1975 43.7 in . By 1985 several years after the program ended, the gross enrollment rate had fallen to 91.8 (World Bank, 2005 fertility is based on survey evidence and field research from Nigeria and other parts of sub-Saharan Africa (Van de Walle, 1965; Caldwell, 1968 Caldwell, , 1977 . In addition, total fertility rates in sub-Saharan are among the highest in the developing world at 5.9 lifetime births per women (World Bank, 2005) . A noteworthy feature of the Nigerian environment is the absence of a sustained national family-planning program and government efforts to promote modern contraceptive methods (Caldwell et al., 1992) . However, Nigeria's average total fertility rate, at 5.6 lifetime births per woman, is comparable to the overall mean for sub-Saharan Africa (UNICEF, 2005) . Prior to independence in 1960 from the United Kingdom, Nigeria was divided into three administrative units governed as semi-autonomous regions. Nigeria's regions were composed of diverse ethno-linguistic groups often with distinct religious traditions. The Northern region was a predominantly Muslim area while the Eastern region was predominantly Christian (with both religions present in the Western region). After independence in 1960, four administrative regions were formed. Each region had developed its own education policies during this period. The Western Region, which was later carved into three states, was a forerunner in education. In January 1955, the Western Region was also the first area in Nigeria to experiment with universal education. 4 Tuition fees were abolished for all levels of primary schooling, and according to Awokoya (1952) , the education minister for the Western Region, advances in education were "imperative" and "urgent."
5 Education imbalances across regions were substantial in the decade that followed independence. The Northern, and to a lesser extent the Eastern regions did not implement sustained universal education programs in the pre-independence period. Specifically, in the Northern region, the legacy of the colonial policy to not interfere in Islamic religious practices had limited the expansion of formal primary Bray (1981) . 4 In 1843, the Methodist mission established the first primary school in the Western region of Nigeria, partially due to its proximity to the Atlantic coast (Fafunwa, 1974) . Lagos, also formerly in the Western Region and the capital of Nigeria after independence, also introduced its own universal primary education program in January 1957 and had achieved near-universal enrollments by the late 1960s. 5 The priority afforded to education was reflected in the Western Region's budget, with primary education consuming nearly 40% of the government's recurrent budget in comparison to 10-20% in the Northern Region of the country (Nwachukwu, 1985) .
schooling. It was against this background that the national UPE program was introduced.
An overview of UPE
Nigeria's 1976 UPE nationwide initiative was characterized as "one of the most ambitious education projects in African history" due to the magnitude of the program in terms of government resources and the number of children who were expected to benefit (Bray, 1981, p.1) . Fueled by revenues from the oil boom of the time, the nationwide UPE Program was announced formally on October 1, 1974 and commenced in September 1976. As part of the UPE program, the Nigerian central government provided tuition-free primary education nationwide. To enable the expansion of primary education, the government also recognized the need to construct a large number of new primary school classrooms. According to the Nigerian Third National Development Plan 1975-80, the country planned for the provision of 150,995 new classrooms at the primary-school level (Federal Ministry of Economic Development and Reconstruction and Central Planning Office, 1975 ). This represented a 1.4-fold increase in the number of primary school classrooms in the country in 1965. To finance this expansion, about 700 million naira was disbursed to states by the Federal government for primary classroom construction between 1974 and 1979. 6 The UPE appeared to have a substantial impact on both male and female enrollments. The gross primary enrollment rate for boys increased from 60.3 in 1974 to 136.8 in 1981 . Similarly, although the gross female primary enrollment rate in Nigeria was only 40.3 in 1974, by the end of the program in 1981, it had risen to 104.7 (World Bank, 2002) . 7 These achievements are particularly impressive given that sub-Saharan and northern Africa have some of the lowest levels of female educational attainment, and many young girls and women have little or no exposure to formal schooling. As shown in Table 1 , the states that received the highest levels of federal capital funds for classroom construction per capita were located outside the former Western region of Nigeria with the exception of Lagos.
11 These were the states that had relatively low primary school enrollment rates and levels of educational inputs prior to the UPE program. Throughout the rest of this paper, we use the term "high-intensity" to describe these states, which experienced a significant expansion in educational inputs.
Our calculations suggest that changes in gross enrollment ratios were also not distributed evenly across the country.
12 Using the projected state population for each Nigerian state, our calculations suggest that gross enrollment rates increased much faster in the highintensity states that experienced large increases in federal capital expenditures and regional gaps appear 6 Federal Office of Statistics, Social Statistics in Nigeria, 1979, page 31. In 1976, the nominal exchange rate was N0.788 (naira) to $1 U.S. To meet the increased demand for teaching resources, the government announced plans to expand existing teacher-training institutions. According to Nwachukwu (1985) , the UPE program required about 80,000 new teachers, and the government had also planned for 6699 new classrooms in teacher-training institutions. 7 The gross enrollment rate is calculated as the percentage of schoolaged children who are enrolled in primary school in a given year. The rate can be over 100.0% due to the fact that older or younger students may be in the enrollment count and also due to grade repetitions. 8 During the first year of UPE, the number of students enrolled in Grade 1 increased by 82% to 3 million students. This growth exceeded predictions that only 2.3 million would enroll (Federal Government of Nigeria, 1978 -1979 . 9 Alternative measures of the intensity of the program include the number of planned classrooms in primary schools and teacher training institutions. However, information on these amounts is only available for the 12 states that existed in Nigeria in 1974 and not the 19 states that existed by 1976 when the UPE was introduced. 10 In 1965, Nigeria had 4 administrative areas (i.e. the Western, Eastern, Northern, and Midwestern regions). At the time of the UPE's announcement, these regions were split into 12 states. However, by 1976, when the UPE program commenced, additional states were created for a total of 19 states (the focus of this study). Currently, Nigeria has 36 states and 1 Federal Capital Territory. The number of states has changed over time to improve equity in the revenue-sharing system at the federal level. Federal government revenue allocations to states and local governments are governed by a formula based on population, need, and, to a lesser extent, derivation. 11 The population figures for Lagos are likely to be underestimated due to significant population growth resulting from rural-to-urban migration. During the first decade after independence in 1960, metropolitan Lagos was estimated to have experienced a growth rate of 14 per cent per annum (Lagos Executive Development Board, 1971 ). This would greatly reduce the actual funds per capita amount. However, when Lagos is eliminated from the sample, the results of the paper do not change. 12 The state population estimates used to standardize the expenditure numbers are based on the 1953 Population Census of Nigeria, the last census conducted by the British Colonial Administration. Due to significant controversies with the 1963 and 1973 censuses, we are less confident in the population figures from these sources. However, as shown in the final columns, the ranking and relative amounts by state are similar when using estimates based on the 1963 census.
to have been substantially reduced during the years of the UPE program. Figs. 2 and 3 summarize the state trends in the number of students and primary schools before and during UPE with information from various years of the Annual Abstract of Statistics and Social Statistics in Nigeria.
14 As shown in the figures, the introduction of the nationwide UPE had a major impact on student participation in primary school education and the number of primary schools in Nigeria, especially in the high-intensity, nonWestern states. The combined effects of the UPE program through the increase in capital funds for classroom construction and the elimination of primary school tuition fees appeared to been greatest in these states.
Data and empirical framework
The data: The Nigerian Demographic Health Survey
To study the impact of the UPE program, we rely mainly on the 1999 Nigerian Demographic Health Survey (NDHS). This dataset is a nationally representative survey Censuses. When mapping the 1953 town population numbers to the state boundaries of 1976, only towns with more than 15,000 people were included. This suggests that the population estimates are more accurate for the more urbanized Western Region and that the funds per capita estimates may be slightly inflated for the non-Western Regions. However, as shown in the final columns, the ranking and relative amounts by region are similar when using 1976 projected state estimates from the 1963 census. The population estimates for Lagos are likely to be underestimated due to significant population growth resulting from ruralto-urban migration. During the first decade after independence in 1960, metropolitan Lagos was estimated to have experienced a growth rate of 14 per cent per annum (Lagos Executive Development Board, 1971) . However, when Lagos is eliminated from the sample, the results of the paper do not change. 13 We calculate the gross enrollment rates in the Western region to be 0.65 in 1975-76 and 0.93 in 1980-81 containing rich information on socioeconomic and demographic variables for nearly ten thousand Nigerian women. The NDHS survey is ideal for this study because by design it provides reliable information on levels and trends in education, fertility, and family-planning practices for a large number of women. Tables 2A and  Tables 2B provides summary statistics for the data. To study the impact of the UPE on education and early fertility, we use information from the NDHS on a respondent's region of birth to link individuals to educational policies and institutions. Tables 2A and  Tables 2B also include 15 An important advantage of the NDHS is that it contains detailed information on religion and ethnicity, and we can use these as control variables.
Although the NDHS survey has many important advantages, the data also have some shortcomings. First, we would ideally like to know precisely when and where an individual started and completed primary school. This is because our analysis exploits geographic variation to study the impact of the UPE. The NDHS survey has only limited information on migration.
16 Fortunately, twothirds of the sample in the 1999 NDHS has never moved. When comparing the characteristics of individuals who did and did not move, we do not find significant differences. 17 In addition, recent studies on migration patterns in Nigeria in the 1990s suggest that most Nigerians do not move or only move within state. As noted by National Population Commission (1998), "If migration is defined as moves across state boundariesmost Nigerians can be classified as non-migrants. The only state with a sizeable share of migrants is Lagos State, with 87% of its population migrated from other states." (p. 285). Therefore, the subsequent analysis will display the results with and without Lagos to account for possible measurement error, and the results are robust to excluding Lagos.
Another shortcoming of the 1999 NDHS is that it provides only limited information on wages or income at the household or individual level. Finally, because the cohort born after the initiation of the UPE program (1976) (1977) (1978) (1979) (1980) (1981) was just reaching their mid-20s by 1999, we cannot fully use them to study the impact of education on fertility.
Empirical strategy #1: Differences-in-differences
To estimate the impact of UPE on educational and fertility decisions, the paper utilizes two empirical strategies that exploit the variation in which cohorts and in which geographical areas students were affected by UPE. The first strategy uses a differences-indifferences (DD) technique.
By noting that the UPE occurred between 1976 and 1981 and had a larger impact on certain states (namely, the high-intensity states), we examine whether the introduction of universal primary education caused discontinuities in educational attainment and early fertility for the treatment group relative to a control group. This approach has been used in many recent studies, including Duflo (2001) .
The first difference we use is exposure to the UPE as measured by age. In general, primary school lasts for six years in Nigeria, and we assume that most individuals start school at age 6. Given the timing of the program, UPE should have primarily affected individuals born between 1970 and 1975. However, there is a high prevalence of underage and overage enrollments in first grade in Nigeria.
18 For this reason, the program may have affected individuals outside of the main age range. Therefore, rather than using a cohort just a little older than the target group for the control group, we use women who were age 15 to 20 when the UPE was initiated (born between 1956 and 1961); this group is less susceptible to overage enrollment. The main tables compare the outcomes of the group born 1970-75 (i.e. the main UPE group) to the group born 1956-1961 (i.e. out of the primary school age range before UPE). We also investigate the impact of UPE on additional cohorts (those born 1964-69 and 1976-81) as they may have benefited from UPE due to overage enrollments and the expansion in resources (the building of primary school classrooms and an increased number of trained teachers).
The second difference we use is state of residence. As shown above, the introduction of the UPE to Nigeria had varying effects on the states within the country. Because many non-Western, high-intensity states did not have tuition-free primary schooling prior to the nationwide UPE program, the program represented both an expansion in schooling inputs and a reduction in the cost of schooling. As a result, the national UPE program should have had a greater impact on primary-school enrollments in high-intensity states with educational attainment increasing faster in comparison to smaller effects in the low-intensity states. Therefore, our control group comprises of individuals in the low-intensity states that did not experience large growth in enrollments or schooling inputs. These states serve to account for any general trends that affected all states.
There are two ways to measure exposure to the UPE by state. The first is just to use a dummy variable that is equal to one if the woman grew up in a high intensity state. In this case, the differences-in-differences estimation of the impact of UPE on schooling can be described as:
where i indexes individuals, j indexes cohorts, and k indexes states. S ijk is the years of schooling completed by 18 According to a Multiple Indicator Cluster Survey (MICS) conducted by UNICEF in 1999, underage enrollments, overage enrollments, and grade repetitions are common in Nigeria. Of the sample of 977 female students enrolled in first grade (primary one), about 4% of the sample was age four, 19% were age five, 31% were age six, 21% were age seven, and about 15% were above age seven. individual i of cohort j in state k. X ijk includes controls for year of birth, religion, and ethnicity. The variable "High Intensity" is a dummy variable equal to one if the woman was educated in a high-intensity state (i.e. a non-Western state). "UPE Cohort" is a dummy variable that captures whether an individual was born between 1970 and 1975 and therefore would have been the age for primary school while UPE program was implemented. The parameter α 2 is the reduced-form estimate of the effect of UPE. We expect that the change in schooling outcomes should be larger in the high-intensity states for the "UPE Cohort," and therefore, α 2 is expected to be positive. In particular, it measures whether individuals in high-intensity states, who experienced large changes due to the UPE program, also experienced more rapid growth in schooling in comparison to individuals in the low-program intensity states, who did not experience much change due to UPE. A more detailed way to measure program intensity is to use the 1976 per capita amount of federal funds disbursed to each state for classroom construction (shown in Table 1 ). This measure of UPE program intensity has several significant advantages in our context. First, the measure is available for all 19 states that existed when the UPE program commenced in 1976. In contrast, data on planned classroom construction, which previous studies have used, is only available for the 12 states that existed when the program was first announced in 1974. Second, the federal capital funds measure represents actual amounts disbursed to the states rather than the planned allocation of resources. This allows us to track more closely changes in schooling inputs that took place during the course of the program. Finally, our measure is strongly correlated with data on the projected primary school classroom construction detailed in Nigeria's Third National Development Plan. It is also highly correlated with the projected expansion of classrooms at teacher training institutions.
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Using the continuous program intensity measure, the differences-in-differences estimation of the impact of UPE on schooling can be described as:
The variable "UPE Inputs" is measured as the per capita federal funds disbursed for the primary school construction in the state where an individual was educated. The parameter β 2 is the reduced-form estimate of the effect of UPE. It measures whether individuals who grew up in states that received more resources during UPE experienced increases in educational attainment larger than women in states that did not receive as much.
The DD methodology can also be used to examine the impact of UPE on early fertility. The same regressions are run with the outcome being a measure of fertility rather than years of education.
If women in the "UPE Cohort" who were educated in high intensity states had fewer births than women in the control groups, then we would expect that differences in fertility are due to the increased educational attainment associated with the UPE.
Empirical strategy #2: Instrumental variable approach
To determine the causal impact of education on fertility, we use the instrumental variables approach. As noted earlier, an important issue within the existing literature concerns the causal interpretation of the effect of education on fertility. If education has a causal effect on fertility, then an expansion in schooling should induce lower fertility rates, holding other variables constant. However, unmeasured individual, household, and community-level resources may affect both education and fertility decisions. For example, an increase in the level of economic development may lead to higher educational attainment and lower fertility. Furthermore, education may serve as a proxy for unobservable factors, such as ability, cognitive skills, motivation, and parental background, and these factors may be important determinants of a woman's fertility choices (Thomas, 1999) . Ignoring these factors would lead to biased estimates of the impact of education on fertility within the context of simple Ordinary Least Square (OLS) estimation. The DD methodology described above attempts to isolate the causal impact by including a control group, but an instrumental variables approach provides an additional option. Valid instruments are variables that affect the level of educational attainment but have no direct impact on fertility. Again, our key measure of program intensity is federal disbursed funds per capita for primary school construction in the state where an individual was educated. If we assume that the UPE program had no direct effect on fertility, other than through its effect on educational attainment, then we can use exposure to the UPE program as an instrument for schooling. The age and state of schooling determines an individual's exposure to the UPE program. The key dependent variable is the number of children born before age 25.
The instrumental variable approach is described as follows:
In Eq. (3), N ijk represents the number of children born before age 25 to an individual i of cohort j living in state k and S ijk is instrumented for using f (UPE Inputs k ). More formally, OLS estimates may lead to biased estimates if ɛ ijk is correlated with schooling due to unmeasured ability and other factors, such as family background, social norms, or community wealth. We assume that exposure to the program (which is based on age and region of residence) is correlated with schooling outcomes after other explanatory variables are included. Eqs. (1) and (2) above form the basis for the first-stage regression represented by f(UPE Inputs k ).
The impact of the UPE
4.1. Differences-in-Differences analysis: The impact on schooling and fertility
In our empirical analysis, we first examine the impact of the UPE program on female educational levels. Before addressing the larger question of how schooling affects fertility, these results study the effect of the UPE on investments in female schooling. In the initial analysis, we limit our sample to the women of two cohorts: those born between 1956 and 1961 (ages 15-20 when the program started) and those born between 1970 and 1975 (ages 1-6 when the program started). Individuals born between 1970 and 1975 (i.e. the "UPE cohort") are likely to have been the primary beneficiaries of the program. Because primary school lasts for six years in Nigeria, an individual who was born in 1970 and enrolled in primary school in 1976 (and attended school continuously) was most likely exposed to a maximum of five years of the UPE program, which ended in 1981. In contrast, individuals who were born between 1956 and 1961 are likely to have been too old to benefit from the educational policy. Other cohorts also may have benefited from the UPE due to underage and overage enrollments and so are not used as control groups; they are examined in a later section.
The left side Table 3 reports the effect of UPE on the number of years of schooling completed using the differences-in-differences methodology. Panel A (the top panel) uses a dummy variable for growing up in a state that had a high level of UPE intensity. Panel B (the bottom panel) instead uses the 1976 per capita federal funds disbursed for primary school construction as the measure of the UPE program intensity. 20 We present several specifications of the empirical model. The baseline model (specification 1) includes controls for background such as religion and ethnicity. Because one might expect more growth in educational attainment in areas where fewer students were in school, we also control for the female share of total primary school enrollment in the state in 1970 to deal with the possibility of mean reversion. We also recognize that there may have been other programs in place to encourage women to become educated or enter the labor force. During this period in Nigeria, public-sector employment as well as the wages of civil servants significantly expanded. This expansion in the federal civil-service labor force may be correlated with the timing of the UPE program, and so to account for this factor, the baseline model also controls the time-varying share of female civil service employment in the state of residence. 20 To obtain per capita amounts, we use state population estimates from the 1953 census. We use this earlier census because the 1963 and 1973 censuses suffered from considerable controversy, and so we have much less confidence in those numbers. In fact, the 1973 census was not publicly released. However, when we re-calculate the per capita amount using 1976 projected population numbers (based on the 1963 census) and re-estimate our regression models, the results do not differ from our main measure using the 1953 population numbers.
Even with all the controls discussed above, there still may be unobserved state-level heterogeneity. This concern is important, because the high-intensity UPE states that experienced large changes in enrollments and schooling inputs during the program also had significantly lower educational and social indicators prior to the introduction of the UPE. For example, school availability and teacher quality tended to be lower in the highintensity states, particularly in the northern states of Nigeria. Therefore, the second specification includes state fixed-effects to deal with time-invariant, unobserved heterogeneity at the state-level. 21 The fixed-effects regressions allow us to "sweep out" time-invariant, unobserved state characteristics, such as pre-UPE school availability and teacher quality, and initial differences in the level of economic development in the state, which may affect educational attainment. Finally, specification 3 includes year-of-birth fixed effects to deal with government programs, policies, and other trends that took place during this period. We report robust t-statistics that are clustered at the state level and year of birth.
As shown in the first three columns of Panel A of Table 3 , the UPE is estimated to have increased educational attainment. The results show a sizeable and statistically significant effect of the program whether we measure exposure to UPE by the high-intensity dummy variable or, as in Panel B, classroom construction funds per capita, a continuous measure of investments due to UPE. Our preferred estimates are shown in specification 3 15-20 in 1976 ). This represents a 0.32 standard deviation gain in schooling years completed and suggests that the UPE had a sizeable effect on schooling outcomes given that the average years of schooling in the NDHS sample is very low (5.0 years). Based on the results in Panel B using classroom construction funds to measure the treatment, we find a $100 naira increase in disbursed funds for primary school construction per capita increased the number of years of schooling completed by 2 years.
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This represents a 0.42 standard deviation gain in schooling years completed. Table 3 also examines the impact of the UPE program on fertility. Ideally, we would like to observe completed fertility. However, since the UPE cohort was a relatively young group at the time of the 1999 NDHS survey, we limit our analysis to early fertility indicators. Our key dependent variable here is the number of children born before age 25. Otherwise, the specifications follow the same pattern as the educational attainment estimates.
The baseline estimates in specification 4 of each panel show a robust, negative impact of the UPE on the number of births. Again, our preferred estimates include year of birth and state fixed-effects and are shown in specification 6. In Panel A, we find that the UPE program reduced the number of births by 1.09. This represents a 0.6 standard deviation reduction in the number of births. From Panel B, we estimate that a 100 naira increase in classroom construction funds per capita associated with the UPE program reduced the number of births by 0.4 (Column 6). Given that average number of children born before age 25 is 2.35, this represents a 16% reduction in early births. We interpret these results as initial evidence that the UPE program had an impact on fertility through its effect on female schooling. 
DD Analysis: Evidence in favor of the identification assumption
One interesting question to consider is whether other cohorts, beyond the main cohort that was primary school age during the UPE, also benefited from the program. Table 4 presents results that examine this issue and provide a robustness check. If the UPE really caused the effects on educational attainment and fertility, we should find smaller positive effects for the additional cohorts (the farther away from 1970, the smaller effects). Similar to the earlier results, the control group is women born between 1956 and 1961. The impact of the UPE is likely to be limited for this group based on their age. However, to the extent that overage enrollments occurred, this group may have enjoyed some benefits from the program. In Panel A, although the coefficients are positive for educational attainment and negative for fertility, none of them are statistically significant suggesting that the UPE did not have a strong effect on this cohort. Table 4 , Panel B focuses on the cohort of individuals who were born between 1966 and 1969 and were age seven to ten when the program was launched. This group is particularly interesting because it is very likely they also benefited from the UPE program but mainly in the latter years of primary schooling or as a result of overage enrollments. From Panel B, Column 3, we find some evidence that these women who were educated in high-intensity UPE states also enjoyed higher educational attainment compared to those of unaffected cohorts. This point justifies our decision not to use this cohort as the control group for the main results in Table 3 (instead opting to use women age 15 to 20 in 1976). We also examine fertility outcomes for this cohort, but the UPE is not found to have impacted the number of children before age 25.
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Because the program had a limited duration , it is also possible to examine the impact of exposure to the UPE program for cohorts educated after the program ended. This analysis is shown in Panel C. Individuals who would have been age six after the program ended (born 24 While it is also possible that the number of children born before age 25 may also be lower among the UPE cohort due to other omitted variables that are correlated with the program such as birth control, changes in the diffusion of modern contraceptive methods are not likely to be important here as in other developing countries because the prevalence of such methods remains relatively low in Nigeria (Caldwell et al, 1992) . 22 The dummy variables "Born 1970-75" and "High-intensity state" are not shown in specifications 2, 3, 5, and 6 because their interpretation changes with the inclusion of state fixed effects and the year of birth fixed effects. 23 In 1976, the nominal exchange rate was N 0.788 (naira) to $1 U.S. This suggests that a 100 naira increase corresponded to about $130 increase (World Bank, 2002) . 25 One caution in interpreting these results is that children who were born between 1965 and 1969 and were between ages 7 and 12 when the program commenced may have been influenced by the Nigerian Civil War (1969) (1970) . This factor may have led to some schooling interruptions in certain states for this cohort.
after 1976) may have also enjoyed some benefits if the program had a long-lasting impact on schooling due to classroom construction and teacher-training efforts. However, the end of the UPE program also marked significant reduction in funding resources available to primary schools. In most states, primary school tuition fees were reintroduced after 1981 as the federal government handed over control of the schools to states. Furthermore, the federal government no longer provided grants to states for teacher salaries and training. With these caveats in mind, we do not find evidence that there were long-term effects of the UPE program. Although the results in Panel C are positive in terms of years of schooling, the results are not statistically significant. We do not present fertility outcomes for this group because most were too young at the time of the 1999 NDHS survey to construct a complete measure of births before age 25.
DD analysis: Further evidence in favor of the identification assumption
One concern with the analysis is that schooling outcomes may be higher for the treated cohort because that are clustered at the year ⁎ state level. The baseline models include dummy variables for religion (there are six religious categories, including Muslim, Catholic, Protestant, Other Christian, Traditional Religion with "Other" being the left out group), ethnicity (Hausa, Yoruba, and Igbo with "Other" being the left out group), the female share of total primary school enrollment in 1970 in the state, this variable is also interacted with a dummy variable for being born 1970-75, and the proportion of civil servants in the state who were female the year the individual was age 6. State fixed effects refer to the 12 states that existed in Nigeria in 1970 while classroom construction funds are measured at the 1976 state level. The program intensity measure is available for all the 1976 states (19 states) that existed at the onset of the UPE program.
of reasons other than the UPE program. Instead, they may be due to a pre-existing differential trend in educational attainment across states. To address this concern, in Table 5 , we compare the 1956-61 cohort to the 1950-55 cohort. Neither group should have been affected by UPE. However, if schooling levels were increasing faster in the high-intensity states prior to the UPE program, then we should find a spurious significant coefficient for the "younger" unaffected cohorts in high-intensity states. As shown in Panel A, however, when we compare successive cohorts who were unaffected by the UPE program, we find no evidence that schooling was increasing faster in the high-intensity areas prior to the program. Similar analysis is shown in Panel B using classroom construction funds per capita to measure UPE intensity, and likewise, no statistically significant results are found for the variable of interest. Table 6 presents results for all women born between 1949 and 1975. These results allow us to further compare several cohorts who should not have been exposed to the program to cohorts that may have been exposed to the program either at the beginning or towards the end of primary school. In particular, women who were born in the 1950s should have had no exposure to the program (i.e. the control group, born 1949-1961), while women born in the 1960s may have had some exposure to the program in the later years of primary school or due to overage enrollments. From the results, we find that False treatment: born 1956-1961 (age 15-20 in 1976) . Control: born 1950 -1955 (Age 21-26 in 1976 . ⁎ Significant at 0.1 level. ⁎⁎ Significant at 0.05 level. Notes: t-statistics are shown in parentheses. The t-statistics reported are based on standard errors that are clustered at the year ⁎ state level. The baseline models include dummy variables for religion (Muslim, Catholic, Protestant, Other Christian, Traditional Religion with "Other" being the left out group), the female share of total primary school enrollment in 1970 in the state, this variable is also interacted with a dummy variable for being born 1970-75, and the proportion of civil servants in the state who were female the year the individual was age 6. State fixed effects refer to the 12 states that existed in Nigeria in 1970 while classroom construction funds are measured at the 1976 state level. The program intensity measure is available for all the 1976 states (19 states) that existed at the onset of the UPE program.
cohorts born in the 1950s did not experience more education in the high-intensity areas relative to the lowintensity areas suggesting that they were unaffected by the UPE program. In addition, except for the cohort born 1964-65, we do not find that fertility was decreasing faster in the high-intensity areas for cohorts born prior to the UPE program. Consistent with the earlier findings, the UPE program had the largest impact on women born between 1970 and 1975. As expected, the largest impact on education was for the cohort born 1970-1971, the group of women who had the longest exposure to UPE. Table 7 displays an important set of additional robustness checks. Our analysis is based on linking the resources and educational experiences of women while they were children to schooling and fertility outcomes as adults. While most of the households in our sample have never moved, among movers we do not know precisely where the woman was educated. While most movers appear to stay within their state birth, evidence from Nigeria suggests that Lagos is the only state with a significant share of migrants from other Nigerian states (National Population Commission, 1998). Therefore, Table 7 displays the results found in previous tables with and without Lagos to account for measurement error that could result from migration patterns. As shown in Panel A, the main results for the cohort age 1 to 6 in 1976 are robust to the exclusion of Lagos from the sample. In fact, as theory would predict, the results become stronger for both schooling outcomes and fertility when excluding this group that may suffer with measurement error. The same is true in Panel B for the additional cohort shown to have increased their educational attainment due to UPE (those age 7 to 10 in 1976). Once we exclude women from Lagos in Column 2, the estimate increases in size and statistical significance.
Analysis: The impact on fertility
We now focus on the impact of the UPE on fertility using the instrumental variables strategy. The ideal candidate for an instrumental variable would affect schooling outcomes but have no direct impact on fertility. As shown earlier, year of birth interacted with the state classroom construction funds per capita had a positive and significant impact on years of completed schooling. Therefore, we use this measure as an instrument for schooling in our analysis. However, before displaying the IV result, we begin by estimating OLS regressions, which ignore the concern about the endogeneity of the schooling decision. Table 8 , Panel A reports OLS estimates of the effect of education on fertility, measured as the number of children born before age 25. Similar to the order of the specifications in the above tables, all models include controls for religion and ethnicity, a control for the female share of total primary school enrollment in 1970 in the state, this variable interacted with a dummy variable for being in the Treatment cohort, and the proportion of civil servants in the state who were female the year the individual was age 6. In Column 2, we add 1970 state fixed effects. Finally, in Column 3, we also add year of birth fixed effects.
As shown in Table 8A , Panel A, the OLS estimates suggest that increasing female schooling had a small, but precisely measured negative impact on early fertility. From these results, a one-year increase in Table 6 The impact of UPE by year of birth control: born 1949-1961 (age 15-26 in 1976) Dependent are shown in parentheses. The t-statistics reported are based on standard errors that are clustered at the year ⁎ state level. All models include dummy variables for the two-year groups of the interactions (1962-63, 1964-65, 1966-67, 1968-69, 1970-71, 1972-73, and 1974-75) , religion (Muslim, Catholic, Protestant, Other Christian, Traditional Religion with qOtherq being the left out group), ethnicity (Hausa, Yoruba, and Igbo with qOtherq being the left out group), the female share of total primary school enrollment in 1970 in the state, this variable is also interacted with dummy variables for being born 1962-65, 1966-69, and 1970-75 , the proportion of civil servants in the state who were female the year the individual was age 6, and state and year fixed effects. State fixed effects refer to the 12 states that existed in Nigeria in 1970 while classroom construction funds are measured at the 1976 state level. The program intensity measure is available for all the 1976 states (19 states) that existed at the onset of the UPE program.
female schooling is associated with a 0.11 reduction in the number of births. Starting at the mean, this represents about a 5% reduction in fertility.
In Panel B, we present the IV results, which account for the endogeneity of the schooling decision by instrumenting for years of schooling using UPE primary classroom construction funds per capita in the state of education interacted with year of birth indicators. The IV regressions suggest that a one-year increase in female schooling reduces fertility by 0.26 to 0.48 births -close to an 11 to 19% reduction in fertility depending on the specification of interest. These results suggest that the OLS estimates may underestimate the magnitude of the effect of schooling on fertility. We compare the differences between our OLS and IV estimates and find that the differences between the two estimates are statistically significant.
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We also compare our estimates to a number of recent studies that have examined the relationship between fertility and female schooling in developing countries. Ainsworth et al. (1996) use data from the Demographic and Health Surveys for 14 sub-Saharan African countries and find that schooling has a negative and significant association with the number of children ever born in 13 out of the 14 countries included in their study. Although they do not attempt to instrument for schooling to deal with possible endogeneity, their point estimates on the impact of an additional year on the number of children ever born range from − 0.06 to − 0.13. Using cross-country panel data, Schultz (1998) estimates that a one-year increase in adult female years of schooling reduces fertility by 13% or about 0.5 children per woman. Schultz (1994a,b) also finds that female education has a negative effect on fertility and population, while family planning and other variables do not appear to have a consistent, negative effect, although the estimates do not address concerns about endogeneity. Relative to these earlier studies, our OLS estimates are similar, but when we account for endogeneity, we estimate a larger effect. 
The impact of UPE on later fertility
In the tables above, we have presented evidence on early fertility outcomes. One final concern is that early fertility may be less indicative of final fertility outcomes for women. Several studies (Schultz, 1994a (Schultz, ,b, 1998 examine completed fertility, which is typically measured as the number of births for women age 45. The UPE cohort was relatively young at the time of the survey so it is not possible to investigate fertility to that age. However, among older cohorts, we observe that there is a significant decline in births after age 30, with a very steep decline in births after age 35. Furthermore, using the retrospective data available in the NDHS data, among women who are no longer in their reproductive years, we find that that early fertility is, in fact, strongly correlated with completed fertility. In particular, among women age 45 and above, the correlation coefficient between births before age 25 and completed fertility is 0.58. In addition, the correlation coefficient between births before age 30 and lifetime births is 0.74. We should note that for women age 45 and above, about 60% of births occurred before age 30.
To examine the impact of the program on later births, we use the 2003 NDHS, which allows us to examine fertility outcomes four years later for the UPE cohort. These results suggest that the UPE program had a robust, negative impact on births before 30. The OLS estimates show that an additional year of schooling reduces the number of births before age 30 by 0.11 while the IV estimates suggest a reduction of 0.36 in the number of births before age 30. These estimates are even larger than our results using fertility up to age 25 as the outcome. The complete results are shown in the Appendix. We do not include the 2003 NDHS in the main analysis because it has some disadvantages due to higher levels of migration observed in the data.
Conclusions
In this paper, we investigate the causal link between education and fertility using a large-scale policy experiment from Nigeria. Results from Nigeria suggest that the change in education policy had a significant impact on both female education and fertility decisions. At the mean, for each additional 100 naira per capita spent on primary school classroom construction in 1976, we estimate a 2-year increase in educational attainment. These results are robust to different specifications, and tests of alternate explanations lend additional support to the idea that the impact of schooling was due to the UPE program. Under the assumption that exposure to the UPE program is a valid instrument for schooling, we construct IVestimates of the impact of female education on fertility. Our IV estimates are generally higher than OLS estimates and suggest that an additional year of schooling reduces the number of children born before age 25 by 0.26. Therefore, the OLS estimates provide an underestimate of the negative effect of schooling on early fertility.
In summary, our results provide robust evidence that female education reduces the number of early births. An important topic for future research would be to estimate the social savings associated with higher female schooling. Within the neoclassical framework, lower fertility impacts economic growth through several channels, including lower dependency burdens (share of workers to children in the population), which then increases savings and investment capital. We should note that calculating the social savings from a reduction in fertility would most likely provide an underestimate of the total benefits associated with increased female schooling because higher female educational attainment likely would also affect wages, child nutrition, child mortality, and other outcomes.
Based on macroeconomic evidence, it is likely the UPE policy and other programs in the developing world that introduce higher levels of female schooling would have a significant impact on economic growth. Using a Solow growth framework, Knowles et al. (2002) estimate that a 1% increase in female education would increase average GDP levels by 0.37%. Between 1974 and 1979, the total cost of the UPE program in Nigeria (capital and recurrent expenditure) was about 2.8 billion naira (in 1995 naira) -on average, about 3% of annual real GDP during this period. In comparison, we estimate that the average increase in female schooling associated with the program was about 1.54 years, or female schooling attainment was about 30% higher than the sample mean of 5.0 years. Moreover, UPE may also have positively affected the outcomes of the children of the affected women. For example, health and schooling indicators for children are known to improve with the level of female education (Schultz, 1998) . Therefore, the returns to universal primary education programs over the long term may be substantial. 
